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�45BD4FBDA4S D45BF4№ 1   "CD989?9A<9 J9AFD4 FS:9EF< E9K9A<S. 

�45BD4FBDA4S  D45BF4 №2 �ECOF4A<9 @4F9D<4?B6 A4 E:4F<9. 
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�45>@4B>@=4я @45>B4 № 1 (2 ч4A4) 
 

&5<4:  "CD989?9A<9 J9AFD4 FS:9EF< C?BE><I E9K9A<=. 
 

1 Ц5;P @45>BO  
"CD989?9A<9 >BBD8<A4F J9AFD4 FS:9EF< C?BE><I E9K9A<= BCOFAO@ CGFT@ < 

CDB69D>4 <I CB HBD@G?4@. 
 

2 �A=4щ5=85: ?<A9=>4 <;@9D<F9?PA4S, C?BE>4S H<7GD4, EFB=>4, BF69E. 
 

3 З444=85 : @45>B5 
3.1 "CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< C?BE>B7B E9K9A<S BCOFAO@ 

CGFT@. 
3.2 #DB69D<FP CB?GK9AAO9 >BBD8<A4FO 4A4?<F<K9E><@ ECBEB5B@. 
 

4 �5щ85 A6545=8я 

*9AFD FS:9EF< - QFB 79B@9FD<K9E>4S FBK>4, >BFBD4S @B:9F 5OFP 
D4ECB?B:9A4 < 6A9 F9?4 (A4CD<@9D, 8<E> E BF69DEF<9@, CB?O= L4D < F.C.). �B?PLB9 
CD4>F<K9E>B9 ;A4K9A<9 <@99F BCD989?9A<9 J9AFD4 FS:9EF< FBA><I C?BE><I 
B8ABDB8AOI C?4EF<A. �I FB?M<AB= B5OKAB @B:AB CD9A95D9KP < EK<F4FP, KFB 
J9AFD FS:9EF< D4ECB?B:9A 6 C?BE>BEF<. �E?< >BBD8<A4FAGR C?BE>BEFP I0G 
EB6@9EF<FP E C?BE>BEFPR H<7GDO, FB CB?B:9A<9 J9AFD4 FS:9EF< BCD989?S9FES 
86G@S >BBD8<A4F4@<: 
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       I1, G1 – >BBD8<A4FO J9AFD4 FS:9EF< K4EF9= H<7GDO, @@ (E@) 
!4 D<EGA>9 1 CB>4;4A4 B8ABDB8A4S C?BE>4S H<7GD4 E?B:AB= HBD@O. �T 

@B:AB D4;5<FP A4 K9FOD9 CDBEFO9 H<7GDO: FD9G7B?PA<>, >648D4F, CB?G>DG7 < 
CDS@BG7B?PA<>. #DB698S E<EF9@G >BBD8<A4F I0G, 8?S >4:8B= CDBEFB= H<7GDO 
BCD989?<FP >BBD8<A4FO J9AFD4 FS:9EF<: 
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�A4> @<AGE G C?BM48< CB>4;O649F, KFB QFB C?BM48P BF69DEF<S. �BBD8<A4FO 
J9AFD4 FS:9EF< 6E9= H<7GDO 6OK<E?SRFES CB HBD@G?4@ (1) < (2) 
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$<EGAB> 1 
 

'EF4AB6>4 8?S <ECOF4A<S 
'EF4AB6>4 8?S BCOFAB7B BCD989?9A<S >BBD8<A4F J9AFD4 FS:9EF< ECBEB5B@ 

CB869L<64A<S EBEFB<F <; 69DF<>4?PAB= EFB=>< 1, > >BFBDB= CD<>D9C?9A4 <7?4 2. 
#?BE>4S H<7GD4 3 CB869L<649FES A4 <7?G EA4K4?4 6 FBK>9 �, 4 CBFB@ 6 FBK>9 � < 
F.8. % CB@BMPR BF69E4 4, ;4>D9C?TAAB7B A4 FB= :9 <7?9, A4 H<7GD9 CDBK9DK<64RF 
>4D4A84LB@ 69DF<>4?PAGR ?<A<R, EBBF69FEF6GRMGR A<F< BF69E4. *9AFD FS:9EF< 
% H<7GDO 5G89F A4IB8<FPES 6 FBK>9 C9D9E9K9A<S 69DF<>4?PAOI ?<A<=, 
A4A9ETAAOI CD< CB869L<64A<< H<7GDO 6 FBK>9 � < �. 
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5 �>@я4>: 6O?>;=5=8я @45>BO 

5.1 ";A4>B@<FPES E GEFDB=EF6B@ GEF4AB6>< 8?S BCD989?9A<S 
J9AFD4 FS:9EF< C?BE>B= H<7GDO. 
5.2 "COFAO@ CGFT@ A4=F< J9AFD FS:9EF< 84AAB= H<7GDO. 
3 3 !4K9DF<FP H<7GDG E?B:AB= HBD@O, EBEFBSMGR <; 3 - 4 CDBEFOI H<7GD 

(FD9G7B?PA<>, CDS@BG7B?PA<>, K4EFP >DG74 < F.C.) < CDBEF46<FP 9T D4;@9DO 
EB7?4EAB FD95B64A<S@ �"%&. 
5.4 #DB69EF< BE< >BBD8<A4F F4>, KFB5O BA< BI64FO64?< 6ER H<7GDG. 
5 5 $4;5<FP E?B:AGR H<7GDG A4 CDBEFO9 K4EF<. 
5.6 "CD989?<FP C?BM48P < >BBD8<A4FO J9AFD4 FS:9EF< >4:8B= H<7GDO 

BFABE<F9?PAB 6O5D4AAB= E<EF9@O >BBD8<A4F. 
5.7 �OK<E?<FP >BBD8<A4FO J9AFD4 FS:9EF< E?B:AB= H<7GDO 4A4?<F<K9E><. 
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5.8 !4 K9DF9:9 BF@9F<FP CB?B:9A<9 J9AFDB6 FS:9EF< CDBEFOI H<7GD E 
G>4;4A<9@ <I >BBD8<A4F Xi < 'i < >D4EAO@ J69FB@ G>4;4FP >BBD8<A4FO )E < 'E  

 

ПD8@9ч4A89 - *9AFD FS:9EF< H<7GDO, A4=89AAO= 4A4?<F<K9E><@ ECBEB5B@, 
< J9AFD FS:9EF<, A4=89AAO= BCOFAO@ CGFT@, 8B?:AO EB6C484FP. 

 

5.9 %89?4FP 6O6B8 B CB?B:9A<< J9AFD4 FS:9EF< CD< 4A4?<F<K9E>B@ < BCOFAB@ 
BCD989?9A<<. 

 

6 �BAFDB?PAO9 6BCDBEO 

6.1 +FB F4>B9 J9AFD C4D4??9?PAOI E<?, >4><@ E6B=EF6B@ BA B5?4849F? 
6-2 +FB F4>B9 E<?4 FS:9EF<, 789 BA4 CD<?B:9A4? 
6.3 �89 A4IB8<FES J9AFD FS:9EF<? 
6.4 !4C<E4FP HBD@G?G >BBD8<A4F J9AFD4 FS:9EF< >DG7B6B7B E9>FBD4. 
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���"$�&"$!�3 $��"&� № 2 

&9@4: �ECOF4A<9 @4F9D<4?B6 A4 E:4F<9. 

*��0 $��"&/: ";A4>B@?9A<9 E @9FB84@< <ECOF4A<= @4F9D<4?B6 A4 

E:4F<9. #B?GK9A<9 8<47D4@@ E:4F<S G7?9DB8<EFB= EF4?<, KG7GA4 

< 8D969E<AO. "CD989?9A<9 @9I4A<K9E><I I4D4>F9D<EF<> QF<> 

@4F9D<4?B6. !45?R89A<S ;4 I4D4>F9DB@ D4;DGL9A<S B5D4;JB6 <; 

G>4;4AAOI @4F9D<4?B6. 

 

&9BD9F<K9E>B9 "EAB64A<9:  

�ECOF4A<9 B5D4;JB6 A4 E:4F<< - B8AB <; 64:A9=L<I <ECOF4A<= <EE?98B64A<S 

@9I4A<K9E><I E6B=EF6 @4F9D<4?B6. #D< 97B CDB6989A<< 6OS6?SRFES 

>B?<K9EF69AAO9 I4D4>F9D<EF<>< /CD989? F9>GK9EF< <?< CD989? CDBKABEF< / < 

>4K9EF69AAO9 ;46<E<@BEF< @9:8G GE<?<S@< < 89HBD@4J<S@< B5D4;J4. �ECOF4A<S 

CDB6B8SFES A4 <ECOF4F9?PAB= @4L<A9 '  -20, CB;6B?SRM9= 46FB@4F<K9E>< 

;4C<EO64FP 8<47D4@@G E:4F<S 8BEF4FBKAB FBKAB, BCD989?SFP GE<?<9, CD< >BFBDB@ 

CDB<EIB8<F D4;DGL9A<9/F9>GK9EFP/@4F9D<4?4. �B?PLB9 6A<@4A<9 E?98G9F 

G89?<FP A45?R89A<S@ ;4 6<8B@ B5D4;J4, F4> >4> <;@9A9A<9 97B HBD@O 6 CDBJ9EE9 

A47DG:9A<S < I4D4>F9D D4;DGL9A<S 6 ;A4K<F9?PAB= EF9C9A< D4E>DO64RF CD<DB8G 

@4F9D<4?4. 

�?S C?4EF<K9E><I @4F9D<4?B6 (EF4?P, 4?R@<A<=, @98P) 

<ECOF4A<S A4 E:4F<9 S6?SRFES 8BCB?A9A<9@ > <ECOF4A<S@ QF<I @4F9D<4?B6 A4 

D4EFS:9A<9. '7?9DB8<EF4S EF4?P - 6OEB>BC?4EF<KAO= @4F9D<4?, 8BCGE>4RM<= 

;A4K<F9?PAO9 <;@9A9A<S HBD@O B5D4;J4 59; B5D4;B64A<S FD9M<A. 

)DGC><9 @4F9D<4?O (KG7GA, J9@9AF, 59FBA) A4 E:4F<9 D45BF4RF 

;A4K<F9?PAB ?GKL9, K9@ A4 D4EFS:9A<9 < B5OKAB CD<@9ASRFES 6 E:4FOI 

Q?9@9AF4I >BAEFDG>J<=. 
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+'�'!- @4F9D<4? IDGC><=, E BE?45?9AAO@ EJ9C?9A<9@ @9:8G 97B 

K4EF<J4@<. #BQFB@G CD< ;4@9FAB@ <;@9A9A<< HBD@O B5D4;J4 6B;A<>4RF 

FD9M<AO, CD<6B8SM<9 > D4;DGL9A<R. 

�?S EF4?< < 8?S KG7GA4 E6B=EF69AA4 @9I4A<K9E>4S <;BFDBC<S: CB?<E9 

EB6C489A<9 GCDG7<I < C?4EF<K9E><I I4D4>F9D<EF<> CD< 6E96B;@B:AOI 

A4CD46?9A<SI A47DG;><. 

�D969E<A4 - 4A<;BFDBCAO= @4F9D<4? D4EF<F9?PAB7B CDB<EIB:89A<S. 

�9 @9I4A<K9E><9 E6B=EF64 ;46<ESF 6 ;A4K<F9?PAB= @9D9 BF A4CD46?9A<S 

CD<?B:9AAB= A47DG;>< CB BFABL9A<R > A4CD46?9A<R 6B?B>BA 6 

<ECOFO649@B@ B5D4;J9. $4;?<K4RF FD< I4D4>F9DAOI E?GK4S A47DG:9A<S: 

4).GE<?<9 A4CD46?9AB 68B?P 6B?B>BA, 

5).GE<?<9 - CBC9D9> 6B?B>BA 6 D48<4?PAB@ A4CD46?9A<<, 

6).GE<?<9 - CBC9D9> 6B?B>BA 6 F4A79AJ<4?PAB@ A4CD46?9A<<. 

�?S >4:8B7B <; QF<I E?GK496 @9I4A<K9E><9 I4D4>F9D<EF<>< 5G8GF 

D4;?<KAO. #D< E:4F<< B5D4;J4 68B?P BE< E<?B= 6 97B CBC9D9KAOI E9K9A<SI 

6B;A<>4RF ABD@4?PAO9 A4CDS:9A<S, 69?<K<A4 >BFBDOI BCD989?S9FES CB 

HBD@G?9: 

; 

789 A0 - C?BM48P CBC9D9KAB7B E9K9A<S B5D4;J4 8B <ECOF4A<S. 

#D< <ECOF4A<SI A4 E:4F<9 BCD989?SRF 869 @9I4A<K9E><9 I4D4>F9D<EF<>< 

@4F9D<4?4: CD989? F9>GK9EF< σy 

< CD989? CDBKABEF< σuc 

; 

789 Fy- GE<?<9, EBBF69FEF6GRM99 F9>GK9EF< @4F9D<4?4. 
Fuc- @4>E<@4?PAB9 GE<?<9, CD< >BFBDB@ B5D4;9J D4;DGL49FES.
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#D< <ECOF4A<< A4 E:4F<9, >DB@9 BCD989?9A<S @9I4A<K9E><I 

I4D4>F9D<EF<>, CB?GK4RF 8<47D4@@O E:4F<S 6 >BBD8<A4F4I. %<?4- G>BDBK9A<S 

B5D4;J4 ( F,Δl ) 

!4K4?PAB= EF48<< <ECOF4A<S EF4?PAB7B B5D4;J4 EBBF69FEF6G9F 

CDS@B?<A9=AO= GK4EFB> "�I 8<47D4@@O, E6<89F9?PEF6GRM<= B ?<A9=AB= 

;46<E<@BEF< @9:8G GE<?<9@ < 89HBD@4J<9= B5D4;J4 (;4>BA �G>4). 

!4>?BA CDS@B= FBKAB EB6C4849F E A4>?BAB@ CDS@B= 68<47D4@@» 

D4EFS:9A<S. 1FB CB;6B?S9F CD< E:4F<< < CD< D4EFS:9A<< EF4?< CD<A<@4FP 

B8AB < FB :9 ;A4K9A<9 @B8G?S GCDG7BEF<. 

#D96OL9A<9 CD989?4 CDBCBDJ<BA4?PABEF<, I4D4>F9D<;G9@B7B A4 8<47D4@@9 

FBK>B= �I 6O;O649F 6 @4F9D<4?9 DBEF C?4EF<K9E><I 89HBD@4J<=. "8A4>B A4 

8<47D4@@9 E:4F<S C?BM48>4 F9>GK9EF< A9 B5A4DG:<649FES. 

1FB @B:9F 5OFP B5NSEA9AB F9@, KFB 6 D9;G?PF4F9 89HBD@4J<< @4F9D<4?4 

G69?<K<649FES C?BM48P CBC9D9KAB7B E9K9A<S B5D4;J4, KFB 6 BK9D98P 

ECBEB5EF6G9F DBEFG A47DG;>< A4 84AAB= EF48<< <ECOF4A<S.  B@9AFG D9;>B7B 

A4D4EF4A<S C?4EF<K9E><I 89HBD@4J<= EBBF69FEF6G9F GE?B6AO= CD989? 

F9>GK9EF<. &BK>4 �I I4D4>F9D<;GRM4S QFBF CD989?, A4 8<47D4@@9 E:4F<S @B:9F 

5OFP CB?GK9A4 CD< C9D9E9K9A<< 99 E CGA>F<DAB= ?<A<9= C4D4??9?PAB= 

?<A9=AB@G GK4EF>G "�I < BFE9>4RM9= A4 BE< 45EJ<EE ABD@4F<6AGR 69?<K<AG 

BEF4FBKAB= 89HBD@4J<<, D46AGR 0,2% BF C9D6BA4K4?PAB= 8?<AO B5D4;J4, !4 

CD4>F<>9 D4EK9FB6 ;A4K9A<9 CD989?4 F9>GK9EF< 8?S EF4?< CD<A<@49FES F4><@ 

:9 >4> < D4EFS:9A<<. �4?PA9=L99 A47DG:9A<9 CD<6B8<F > G69?<K9A<R 

C?BM48< CBC9D9KAB7B E9K9A<S, 6 D9;G?PF4F9 K97B A47DG;>4 A4 B5D4;9J 

A4D4EF49F 5OEFD99, K9@ 97B CDB8B?PA4S 89HBD@4J<S. !4 8<47D4@@9 QFB 

BFD4:49FES >D<6B?<A9=AO@ GK4EF>B@ BICI. #9D6O9 CD<;A4>< <;@9A9A<S 

HBD@O EF4?PAB7B B5D4;J4 A45?R84RFES ;4 CD989?B@ F9>GK9EF< (FBK>4 �I). � 

QFBF C9D<B8 ;4@9F9A DBEF CBC9D9KAOI 89HBD@4J<= 6 ED98A9= K4EF< B5D4;J4, 

>BFBDO= CD<A<@49F 5BK>BB5D4;AGR
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HBD@G. �4@98?9A<9 89HBD@4J<= G FBDJB6 B5NSEAS9FES FD9A<9@ 

C?BE>BEFSIBC<D4A<S. �4?PA9=L99 6B;D4EF4A<9 A47DG;>< CD<6B8<F > 

;A4K<F9?PAB@G G@9APL9A<R 97B 6OEBFO, CDB<EIB8<F D4EC?RM<64A<9 B5D4;J4. 

$4EC?RM<64A<9 B5D4;J4 <; C?4EF<K9E>B7B @4F9D<4?4 CD< E:4F<< 59; 

D4;DGL9A<S <E>?RK49F 6B;@B:ABEFP BCD989?9A<S CD989?4 CDBKABEF<. 

#BQFB@G GE?B6AB CD<A<@49FES, KFB ;A4K9A<9 CD989?B6 CDBKABEF< CD< 

D4EFS:9A<< < E:4F<< EB6C484RF. 

�<47D4@@4 E:4F<S IDGC>B7B @4F9D<4?4 - KG7GA4 6 ;A4K<F9?PAB=, 

8<4C4;BA9 <;@9A9A<S A47DG;>< <@99F CBKF< ?<A9=AGR ;46<E<@BEFP @9:8G 

GE<?<S@< < 89HBD@4J<S@< 68B?P BE<. 

� A4K4?PAO= C9D<B8 <ECOF4A<S A<>4><I <;@9A9A<= HBD@O B5D4;J9 

B5A4DG:<FP A9 G849FES. �;@9A9A<S HBD@O EF4AB6SFES ;4@9FAO@< 6 FBF 

@B@9AF, >B784 >D<64S 8<47D4@@O EF4AB6<FES 5B?99 CB?B7B=. % QFB7B @B@9AF4 

E:4FO= EF9D:9AP CB?GK49F A95B?PL<9, AB ;4@9FAO9 CBC9D9KAO9 
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I4D4>F9D<;GRM4S C?4EF<KABEFP @4F9D<4?4 

 

,

0





                                                               (5) 

789   – BFABE<F9?PAB9 BEF4FBKAB9 G8?<A9A<9; 
      ℓ0 – 45EB?RFAB9 G8?<A9A<9 B5D4;J4. 
6. BFABE<F9?PAB9 BEF4FBKAB9 EG:9A<9 Ë I4D4>F9D<;G9F C?4EF<KABEFP 

@4F9D<4?4 

,

0
А
А


                                                               (6) 

789  А – BFABE<F9?PAB9 BEF4FBKAB9 G@9APL9A<9 C?BM48< CBC9D9KAB7B 
E9K9A<S; 

      �0 – 45EB?RFAB9 BEF4FBKAB9 G@9APL9A<9 C?BM48< CBC9D9KAB7B 
E9K9A<S. 

1F< I4D4>F9D<EF<>< <@9RF 5B?PLB9 ;A4K9A<9 >4> CD< 6O5BD9 @4F9D<4?4 
8?S Q?9@9AFB6 >BAEFDG>J<<, F4> < CD< D4EKTF9 <I A4 CDBKABEFP. 

� D9;G?PF4F9 <ECOF4A<=, 9E?< D4;DO6A4S @4L<A4 EA45:9A4 E4@BC<LGM<@ 
4CC4D4FB@, CB?GK4RF 8<47D4@@G D4EFS:9A<S 6 >BBD8<A4F4I F , D<EGAB> 2. 
�?S G8B5EF64 <EE?98B64A<= 9T C9D9EFD4<64RF < <;B5D4:4RF 6 >BBD8<A4F4I Ã - �. 
1FG 8<47D4@@G A4;O64RF GE?B6AB=. 

 



4 

 

 
 

$<EGAB> 2 
�4> CB>4;O64RF <EE?98B64A<S, F9>GK9EFP EBCDB6B:849FES ;A4K<F9?PAO@< 

E86<74@< >D<EF4??B6 EF4?<, CBQFB@G A4 CB69DIABEF< CB?<DB64AAOI B5D4;JB6 
CBS6?SRFES ?<A<< CB8 G7?B@ 45°, F.9. CD<5?<;<F9?PAB EBBF69FEF6GRM<9 
CB?B:9A<R A4<5B?PL<I >4E4F9?PAOI A4CDS:9A<= (?<A<< +9DAB64 - �R89DE4), 
D<EGAB> 3 

 

 
 

$<EGAB> 3 
 

#D< 8BEF<:9A<< Ã#+ A4 B5D4;J9 CBS6?S9FES D9;>B9 @9EFAB9 EG:9A<9, F4> 
A4;O649@4S L9=>4. #?BM48P E9K9A<S B5D4;J4 6 L9=>9 5OEFDB G@9APL49FES <, >4> 
E?98EF6<9, C4849F GE<?<9 < GE?B6AB9 A4CDS:9A<9 #DB<EIB8<F D4;DO6 B5D4;J4 CB 
E9K9A<R L9=><. 

$4EE@BFD9AA4S 8<47D4@@4 I4D4>F9DA4 8?S C?4EF<KAOI @4F9D<4?B6 
(@4?BG7?9DB8<EF4S EF4?P, @98P, 4?R@<A<=, ?4FGAP < 8D). 

 

&9IA<K9E>4S I4D4>F9D<EF<>4 CD9EE4, D<EGAB> 4 
�<4@9FD 5B?PLB7B CBDLAS  
�<4@9FD @4?B7B CBDLAS  
)B8 5B?PLB7B CBDLAS  
)B8 @4?B7B CBDLAS A9 @9A99  
 4>E<@4?PAB9 D4EEFBSA<9 @9:8G CBDLA9@ < 

69DIA9= C?<FB=  
!B@<A4?PAB9 GE<?<9  
#D989?PAB9 D45BK99 .846?9A<9  
�B?<K9EF6B @4E?4 

-58 @@; 
- 10 @@; 
- 60 @@; 
- 220 @@; 
- 120 @@; 
 

- 4000 >7E; 
- 150 >7E/E@2

; 

- 0,5 ?. 
 

'AB@>9AB6> ?@5AA4 
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 8AC=>: 4 – �@5AA 
!4 >BDCGE9 CD9EE4, D<EGAB> 4, 6 >BFBDB@ A4IB8SFES 5B?PLB= J<?<A8D E 

D45BK<@ CBDLA9@ < @4?O@ J<?<A8DB@ E A4EBEB@ < CBDLA9@, G>D9C?TA @4AB@9FD, 
CD98BID4A<F9?PAO= >?4C4A < 869 >B?BA>< E BCBDAB= C?<FB=. %;48< >BDCGE4 
D4ECB?B:9AO 864 69AF<?S 8?S 6OCGE>4 6B;8GI4 < E?<64 @4E?4. � BEAB64A<< 
>BDCGE4 <@99FES 54KB> E >DOL>B= 8?S @4E?4, T@>BEFPR 0,5 ?. !47A9F4A<9, @4E?4 6 
D45BK<= J<?<A8D BEGM9EF6?S9FES DG>BSF>B= @4?B7B CBDLAS. � 5B?PLB@ 
J<?<A8D9 1 86<:9FES CBDL9AP 2 E C?<FB=. #BDL9AP C?BFAB CB8B7A4A > J<?<A8DG 
6 97B 69DIA9= K4EF< ;4 EKTF >B:4AB= CDB>?48>< - @4A:9F4 3, >BFBDO= EB;84TF 
GC?BFA9A<9 @9:8G EF9A>4@< J<?<A8D4 < CBDLA9@. !4 EF9A>9 J<?<A8D4 A4IB8<FES 
69AF<?P 4 8?S 6OCGE>4 6B;8GI4 <; J<?<A8D4. !48 CBDLA9@ G>D9C?9A4 A4 86GI 
>B?BA>4I 69DIASS C?<F4 5. !4 >B?BA>4I A4A9E9AO >DG7B6O9 D<E><, CB>4;O64RM<9 
CD989? CB8NT@4 CBDLAS. 

 4?O= J<?<A8D 6 E A4EBEB@ < CBDLA9@ 7 E?G:<F 8?S A47A9F4A<S @4E?4 - 
S6?S9FES A4EBEB@ 8?S CB84K< @4E?4 6 5B?PLB= J<?<A8D. #BDL9AP A4EBE4 
CD<6B8<FES 6 86<:9A<9 DG>BSF>B= 8. (GA>J<< 6E4EO64RM97B >?4C4A4 9 < 
A47A9F4F9?PAB7B >?4C4A4 10 6OCB?ASRF EF4?PAO9 L4D<>< 8<4@9FDB@ 8 @@.  4E?B 
CBEFGC49F 6 A4EBE CB >4A4?G 11 <; 54>4. �; A4EBE4 6 J<?<A8D @4E?B CDBIB8<F CB 
>4A4?G 12,;4>DOFB@G E B8AB= EFBDBAO CDB5>B= 13. �?S E?<64 <; 5B?PLB7B 
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J<?<A8D4 6 54> CD98A4;A4K9A 69AF<?P 14, 8?S 6OCGE>4 @4E?4 <; 54>4 - 5B?F 
;47?GL>4 18 < 6<AF 17. 

 

&@55>64=8я ?> B5х=8:5 557>?4A=>AB8 

 

1. ";A4>B@<FES E GEFDB=EF6B@ CD9EE4. 
2. #DB69D<FP EBID4AABEFP EFBCBDAB7B 6<AF4, H<>E<DGRM97B D9;P5B6GR 

CDB5>G CDG:<AO CD98BID4A<F9?PAB7B >?4C4A4, GEF4AB6?9AAB7B CD< ;46B8E>B= 
6O69D>9, EBID4AABEFP CB8F69D:849FES A9CB6D9:8TAABEFPR >D4E><. 

3. #DB69D<FP J9?BEFABEFP >BDCGE4 @4AB@9FD4, EF9>?4, EFD9?><. 
4. �E9 D45BFO CDB<;6B8<FP CD< D45BK9@ 846?9A<< A9 E6OL9 150 >7/E@2 ( A4 

L>4?9 @4AB@9FD4 B5B;A4K9AB >D4EAB= >D4E>B=). 
5. #D< B5A4DG:9A<< 6OIB84 @4E?4 A4 A4DG:AOI CB69DIABEFSI >BDCGE4 6A9 

@9EF GC?BFA9A<= CDB>?48>4@< D45BFG A4 CD9EE9 CD9>D4F<FP 8B GEFD4A9A<S 
B5A4DG:9AAB7B 89H9>F4. 

6. �4F97BD<K9E>< ;4CD9M49FES D45BF4FP CD< A9<ECD46AB@ @4AB@9FD9. 
7. #D< CDB6989A<< BCOFB6 A9B5IB8<@B 59D9KP 7?4;4 BF CBC484A<S BE>B?>B6 

- <ECB?P;B64FP ;4M<FAO9 BK>< <?< Q>D4A <; CDB;D4KAB7B @4F9D<4?4. 
8. �4F97BD<K9E>< ;4CD9M49FES CB8NT@ 6OL9 CBC9D9KAOI >DG7B6OI D<EB> A4 

>B?BA>4I. 
�@8A?>A>5;5=8я : ?@5AAC 

1 #D<ECBEB5?9A<9 8?S 89@BAEFD4J<< <ECOF4A<S B5D4;JB6 A4 D4EFS:9A<9 
CD98EF46?S9F EB5B= @9F4??<K9E><= >BDCGE E B64?PAO@ BEAB64A<9@. �AGFD< 
>BDCGE4 CB A4CD46?SRM<@ BF69DEF<S@ C9D9@9M4RFES 869 C4D4??9?PAO9 >B?BA>< 
E C?<FB=, � J9AFD9 >BDCGE4 < C?<FO <@9RFES 7AT;84 8?S ;4>D9C?9A<S 
<ECOFO649@OI B5D4;JB6. $4;DO649@O= B5D4;9J <@99F HBD@G J<?<A8D<K9E>B7B 
EF9D:AS E C?BE><@< 7B?B6>4@< A4 >BAJ4I. "A ;4>?48O649FES 6 CD<ECBEB5?9A<9 < 
;4>D9C?S9FES E CB@BMPR D4;D9;AOI >B?9J, A4 D<EGA>9 5. 

 
 8AC=>: 5  
 

2 #D<ECBEB5?9A<9 8?S 89@BAEFD4J<< CD<AJ<C4 LF4@CB6>< ?<EFB6B7B 
@4F9D<4?4 6OCB?A9AB 6 6<89 6ODG5AB7B LF4@C4. *<?<A8D CD<ECBEB5?9A<S <@99F 
E>6B;AB9 BF69DEF<9 8?S ;4>?48O64A<S C?4EF<AO. !<:ASS K4EFP J<?<A8D4 S6?S9FES 
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@4FD<J9=, 69DIASS - A4CD46?SRM9= 8?S J<?<A8D<K9E>B7B EF9D:AS - CG4AEBA4, 
D<EGAB> 6. 

 

 
 

 8AC=>: 6 

 

5 �>@я4>: 6O?>;=5=8я @45>BO 

5.1 ";A4>B@<FPES E >D4F><@< F9BD9F<K9E><@< E6989A<S@< < GEFDB=EF6B@ 
CD9EE4. 

5.2 �4@9D<FP D4;@9DO B5D4;J4 d0 < ℓ0 < E89?4FP QE><; 8B <ECOF4A<=, 
CBEK<F4FP A0. 

5.3 #B87BFB6<FP CD<ECBEB5?9A<9 8?S D4;DO64, 8?S K97B 6EF46<FP 6 A97B < 
;4>D9C<FP B5D4;9J. 

5.4 #DB<;69EF< <ECOF4A<9, EA<@4S A9B5IB8<@O9 CB>4;4A<S @4AB@9FD4 
5.5 �4@9D<FP D4;@9DO B5D4;J4 CBE?9 <ECOF4A<S < E89?4FP 97B QE><;, G>4;46 

A4 AT@  d M, < CB8EK<F46 �L 

5.6 "CD989?<FP D9;G?PF4FO <ECOF4A<= 

�5EB?RFAB9 G8?<A9A<9: 
0

   

�5EB?RFAB9 BEF4FBKAB9 G@9APL9A<9 C?BM48< CBC9D9KAB7B E9K9A<S 2А@@  

5.7 "CD989?<FP I4D4>F9D<EF<>< C?4EF<KABEF< 

5.7.1 "FABE<F9?PAB9 BEF4FBKAB9 G8?<A9A<= ·. 

5.7.2 "FABE<F9?PAB9 BEF4FBKAB9 G@9APL9A<9 C?BM48< CBC9D9KAB7B E9K9A<S 
Ë%. 

5.7.3 !47DG;>4, EBBF69FEF6GRM4S CD989?G F9>GK9EF< FT.  

�4>D9C?TAAO= B5D4;9J A4K<A49F 6OFS7<64FPES.  4AB@9FD CB>4;O649F 
6D4EF4RM99 846?9A<9. � 6 84?PA9=L9@ DBEF 97B CD9>D4M49FES. !4 B5D4;J9 
B5D4;G9FES L9=>4. 1FB G>4;O649F A4 E6B=EF6B @9F4??4 C?4EF<K9E>< 
89HBD@<DB64FPES CD< A9<;@9ASRM9=ES A47DG;>9. 

5.7.4 !4<5B?PL4S A47DG;>4 Fmax >7 (C9D98 D4;DO6B@ CB>4;4A<S @4AB@9FD4 
C4849F). 

5.8 "CD989?<FP @9I4A<K9E><9 I4D4>F9D<EF<>< @4F9D<4?4 

#D989? F9>GK9EF< 
,

0
A

FT

T 
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#D989? CDBKABEF< 
,

0

max

A

F
П' 

 

5.9 !4K9DF<FP 8<47D4@@G D4EFS:9A<S < CB CB?GK9AAO@ I4D4>F9D<EF<>4@ 
BCD989?<FP @4D>G EF4?<. 

 



0    
 

 8AC=>: 7 

 

'>4;4A<9 > D45BF9 
$4EFS7<64RM4S E<?4 (E<?4 846?9A<S 5B?PLB7B CBDLAS 6OK<E?S9FES CB 

HBD@G?9 
НAPF 5C ,8,9                                                             (7) 

 

789 �5C - C?BM48P 5B?PLB7B CBDLAS, E@2
 ; 

       $  - 846?9A<9 (CB>4;4A<9 @4AB@9FD4) >7E/E@2
 . 

 

6 �>=B@>;P=O5 6>?@>AO 

6.1 �4>GR I4D4>F9D<EF<>G CDBKABEF< C?4EF<KAOI @4F9D<4?B6 CD<ASFB 
EK<F4FP CD989?PAO@ (BC4EAO@) A4CDS:9A<9@? 

6.2 #D989? CDBKABEF< A4 D4EFS:9A<9 - 
       A4 E:4F<9 – 
"CD989?<FP >4>B= @4F9D<4?. 
6.3 �EF46<FP CDBCGM9AAO9 E?B64: 
�D9@9AAB9 EBCDBF<6?9A<9 - QFB A4<5B?PL99 GE?B6AB9 &&&&&&&&.. 
>BFBDB9 BCD989?S9FES 89?9A<9@ @4>E<@4?PAB= A47DG;><, 6O89D:<649@B= 

B5D4;JB@ 8B D4;DGL9A<S A4 C9D6BA4K4?PAGR 
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�8B5@4BC@4 

"EAB6AO9 <EFBKA<><: 

: 

1. 1�% znanium.com �B7B6BD №3650 1�% BF 25.02.2019. 

�AF9DA9F-D9EGDEO:  

1. &9IA<K9E>4S @9I4A<>4. (BD@4 8BEFGC4: http://technical-mechanics.narod.ru 

2. "EAB6O F9IA<K9E>B= @9I4A<><,http://www.ostemex.ru/ 

3. &9BD9F<K9E>4S @9I4A<>4,http://www.teoretmeh.ru/ 

4. http://www.edu.ru 

http://technical-mechanics.narod.ru/

